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The Piànico-Sèllere lacustrine deposits (Fig. 1) are known since long time for the rich palaeobotanical content, and their compressed leaf assemblages have been described in several  publications (e.g.: Fischer in Baltzer, 1896; Sordelli, 1896; Amsler, 1900; Patrini, 1921; Maffei, 1924; Rytz, 1925, 1953; Emmert-Straubinger, 1991). Geological and palaeobotanical studies of the 20th century led to general consensus on a “Riss-Würm” age (i.e. around 130 ka) for the plant-rich layers of this succession (e.g. Lona and Venzo, 1956), but recently the dating of two tephra layers provided definitely older, though controversial, ages: around 800 ka (Pinti et al., 2001, 2007) and around 400 ka (Brauer et al., 2007). Recently studied fossil vertebrates (Sala, B., pers. comm.) exclude an attribution to the last interglacial too. Pollen analysis allowed the identification of three major temperate periods (namely “Piànico-Sèllere Interglacial, Clusone I interstadial, Clusone II interstadial”) alternating with stadial phases (Rossi, 2003). The forest dynamics during the temperate phases are marked by the abundance of “Quercetum elements” and Abies, while Pinus, Picea and steppe elements expand during stadial episodes. 
The 19th and 20th century palaeobotanical works were published before any accurate assessment of the stratigraphic frame of the Piànico-Sèllere lacustrine deposits (Moscariello et al., 2000), so that the related collections cannot be assigned to a precise litho- and chronostratigraphic interval. Lithologic descriptions allow to assume that most of the published palaeobotanical data have to be referred to the BVC member (Fig. 2) or, to a lesser extent, to the MLP member of the Piànico Formation. A list of taxa which have been cited in the foregoing studies is reported in Table 1. This information can be still useful at present in order to assess the local occurrence and the frequency of particular taxa. However, the need for new macrofossil collections, precisely located in the updated stratigraphic framework  and correlated to definite pollen zones, is self-apparent. For this reason new plant macro/mesofossil analyses have been started since the year 2000; these already provided some interesting results, even if they are still in a preliminary state up to date. The aim of this contribution is to compare such results with the previously available palaeobotanical records and to draw some palaeoenvironmental conclusions in the frame of the palynologic and stratigraphic record.


2. Material and methods 

The stratigraphic framework of the Piànico-Sèllere succession, as well as the name and location of the studied sections (Fig. 4X) and units are based on Moscariello (2000) and Rossi (2003). Field observations indicated that compressed plant remains were abundant within thinly laminated lacustrine chalk, even if the highest concentrations were found within a few turbidite layers. The traditional way employed to collect plant macrofossils from the Piànico Formation (Sordelli, 1896; Emmert-Straubinger, 1991) consisted in splitting blocks of sediments along the bedding planes. With such a method leaves and large winged fruits/seeds can be easily sampled, even today, in almost every portion and every outcrop of the BVC unit as well as in limited portion of the MLP one. However, as far as a better framework of the Piànico succession has been available (Moscariello et al., 2000), only two samplings of this type have been organized, the first one has been carried out by the “Caffi” Natural Science Museum of Bergamo in a portion (ca. 1 m thick) of the “Beehive” section (Confortini et al., 2003), and yielded about 300 much fragmentary leaf specimens (“L”-assemblage) studied by Leidi (2004); the second one has been carried out, during the preparation of the field guide for the INQUA-SEQS 2006 excursion, in a 50 cm-thick potrion of the “Sergio” section, about 2 m above the base of BVC (“S”-assemblage: Fig. 4). Field observations allowed to detect, whitin this interval, a surface densely covered by oriented Taxus baccata L. needle-leaves (Fig. 4(4)), associated to Buxus leaves, which is certainly the result of a selective depositional mechanism.
In the remaining portion of the Piànico-Sèllere succession, the stratigraphic position (Fig. 2) of relevant and easily identified plant macrofossils (cones, Buxus leaves) has been marked under the survey of C. Ravazzi, and will be exploited to draw palaeoenvironmental conclusions.
Furthermore, a preliminary revision of about 300 leaf compressions or impressions, forming the “Rytz collection”, has been carried out. These fossils, most probably sampled within the BVC member (abundant Buxus leaves, see below) in the period 1921-1934 (Rytz, 1925, 1953), are preserved on pieces of white laminated chalk from the Piànico-Sèllere basin, which were formerly housed at the Bern Botanical Institute (Switzerland). Original hand-written labels with names of plant taxa were found in several boxes, even if in some cases they obviously did not correspond to the content. This permitted to check the determination of most of the taxa formerly reported by Rytz (1953).
Leaves of the Piànico Fm. have so-far been identified by comparison to modern material, mostly on the basis of a gross-morphological approach. Only Emmert-Straubinger (1991) reported some details about the cuticular features of Hedera leaves from Piànico, which would suggest a major affinity to H. helix L. rather than to H. colchica (K.Koch) K.Koch. More extensive cuticular investigations would be needed in order to verify the occurrence of problematic taxa (e.g. Laurus), in particular the locally extinct ones. 
A second, most useful, method to collect plant macro/mesofossils, that has been poorly practised in this site till now, consists in the analysis of the plant remains obtained from bulk sediment samples. Emmert-Straubinger (1991) affirmed having used such a method, but did not report detailed results. This method allows to get original palaeofloristic data based, for example, on small-sized seeds and fruits of herbaceous plants, which do not have a leaf or pollen record (see below). This type of carpological material has been identified by comparison with the extensive reference collections of both recent and Pleistocene material of the Museum fuer Naturkunde in Berlin, obviously with the help of relevant literature, e. g. Velichkevich and Mamakova (2003), Velichkevich and Zastawniak (2006). Recently, field work has been carried out in several sections of the Piànico-Sèllere basin in order to locate layers with suitable concentrations of terrestrial plant macrofossils. Two assemblages of this type (Fig. 3) have been detected in turbidite layers, and the following bulk samples have been collected: 
-	B4N: Sergio section, turbiditic layer below the t0 one in the BVC member, size 3 dm3;
-	B4A: Main section, at the top of slump nr. 3 in the BVC member; size 0.8 dm3.
The subsequent part of the research has been aimed to test appropriate methods to disaggregate the sediment and pick up such relevant mesofossils as fruits, seeds and coniferous needles. This has not been an easy task, since the standard procedure used by the present author for clastic sediments (Martinetto, 1994; Basilici et al., 1997) did not work very well with the Piànico carbonates. After several attempts, the best procedure seemed to be following:
The sediment has been placed in a basin, completely dry and reduced to blocks not bigger than 3x3x3 cm. A volume of 5% H2O2 comparable to the sediment’s one has been added and left to react for 2 hours. The fluidified sediment has been  filtered  with a mesh size of 0.3 mm, and the residue has been left to dry for several days (heating avoided). All the cycle has been repeated  for three times. At the end of the last filtering operation the residue has been dropped again in 5% H2O2 and, after a few minutes, the floating fraction (“A”), which is richer in fruits and seeds, has been filtered separately from the sinking one (fraction “B”), always with a final mesh size of 0.3 mm. The abundant plant remains deposited at the bottom of the basin have been collected with a battery of sieves whose final mesh size was 0.8 mm (fraction “C”). Most mesofossils sorted from the residue were still covered by a white carbonatic “dust” which hampered identification and photography; this has been removed by immersion in acetic acid for several days.
In sample B4A the three fractions ready for analysis (A-C) were examined separately in order to understand the differences in their content. First of all the volume of fraction C was nearly 50 times the one of fraction B, and fraction A was nearly 1/3 of B. However, the most concentrated and diverse assemblage of small-sized fruits and seeds was present in A. Fraction B contained many coniferous needles and a few seeds, and carpological remains of three species have been exclusively found in B: Carex gr. caespitosa, Thalictrum cf. flavum. and Brassicaceae indet. The complete analysis of C has been carried out only for the material larger than 3 mm. Sorting the material smaller than 3 mm is extremely time-consuming and poorly productive: only an immature Tilia fruit and a Buxus endocarp have been found in 1/10 of it, apart from the common needles. 





In the “S” compression assemblage 17 taxa have been identified on the basis of leaf remains (Tab.  2), and relatively few fruits and seeds have been detected (a few fruits of Acer spp., 2 seeds and 1 cone scale of Abies cf. alba Miller, 1 fruit of Buxus sempervirens L. and Carpinus betulus L.). Within the “L” leaf assemblage not more that 40 out of 300 specimens can be identified on a macromorphological basis, and they are assigned to the 9 taxa reported in Tab. 3.
The palaeobotanical analysis of samples B4N and B4A permitted to identify respectively 26 and 23 taxa, mainly represented by fruit/seed remains. The assemblage of sample B4N (Tab. 4) testify to the occurrence of 12 species of herbaceous angiosperms and 13 of woody plants. Some non-arboreal forms represent emergent freshwater macrophytes or wetland plants (Alisma, Carex, Cladium, Phragmites-type), and just a few species belong to submerged forms (Najas, Potamogeton). Ajuga cf. reptans L., Micromeria thymifolia (Scop.) Fritsch, Hypericum cf. androsaeum L., H. perforatum L. and Origanum vulagare L. can be interpreted as herbs growing in better-drained conditions, while the remaining taxa have broad ecological requirements. The commonest arboreal forms are Abies cf. alba Miller, Acer campestre L., Acer cf. opalus Miller, Acer ex sect. Platanoidea, Carpinus betulus L., Pinus, and Tilia spp. The commonest shrub is Pyracantha coccinea M. J. Roemer.
In sample B4A 11 species represent herbaceous angiosperms and 10 are woody plants. The main differences in comparison to B4N are the scarcity of Acer and Pyracantha remains, compensed by the abundant occurrence of Buxus ones. Herbs requiring well-drained conditions include two species not represented in B4N: Fragaria vesca L. and Moheringia cf. trinervia (L.) Clairv.. Finally, two interesting woody forms occur with a few carpological remains in both samples: Sambucus nigra L. (Fig. 3(9-13)) and Vitis vinifera L.ssp. sylvestris Gmelin (Fig. 3(4)).
Among the cones which were sampled in definite stratigraphic position, and later identified, three speciemens beloged to Picea abies (L.) Karsten s. l.  (50, 60 and 130 cm above the MLP base, Oblique and Wall sections)., and five specimens to Pinus peuce Griseb. (BVC, about 6 m from the base in the Sergio section, and MLP, respectively 30, 42, 146 and 167 cm above the base in the Wall section).


3.1 Notes on some locally extinct species

The earliest works on the Piànico fossil flora, in particular by Sordelli (1878, 1896), even reported the occurrence of  exclusively fossil species:  Neckera ossulana Sordelli, Acer sismondae Gaudin, Castanea latifolia Sordelli, Rhododendron sebinense Sordelli. Such species were not confirmed by Emmert-Straubinger (1991), who only listed modern European entities. However, also this author confirmed, and even increased, the record of locally extinct plants in the Piànico fossil flora:  Acer cappadocicum Gleditsch, Picea omorika (Pancic) Purkine, Pinus peuce Griseb., Pyracantha coccinea M. J. Roemer, Rhamnus alaternus L., Rhododendron ponticum L., Tilia caucasica Rupr.
Three of these species (Picea omorika (Pancic) Purkine, Rhamnus alaternus L., Tilia caucasica Rupr.) should be better documented because their occurrence just relies on a nominal citation by Rytz (1953) and Emmert-Straubinger (1991). On the other hand, a solid macropalaeobotanical documentation testifies for the occurrence of the species reported below.

Pinus peuce Griseb. (Fig. 3(5))
This species is well documented by cones with unmistakable characters, and even the large ovoid seeds permit a reliable distinction from other European pines. A well-preserved cone specimen  was found directly inside the B4N sample (Fig. 3 (5)); in B4A a seed occurred, and other 4 cones have been collected in the field (see above). 

Acer cappadocicum Gleditsch (Fig. 4(1-2))
The species is represented in both the “S” and “L” leaf assemblages by 3 to 5-palmate leaves with entire margin and attenuate lobe apex. The distinction from A. lobelii Ten., endemic to southern Italy, has not been adequately discussed in the literature on Piànico-Sèllere fossil leaves.  Both species belong to section Platanoidea, and fruits with a morphology typical for this section occur frequently in sample B4N, but do not provide definite support to the specific identification.


Pyracantha coccinea M. J. Roemer (Fig. 4(6) ; Fig. 3(1-3))
Leaves of this species had already been reported by Amsler (1900) and Rytz (1953), and carpological remains found in B4N and B4A samples, definitely confirm the identification. In fact Pyracantha is distinguished by Cotoneaster for the “berry” with 5 stones (instead of 3), with woody and persistent style, attached to the apical part of the ventral side of the stone (in Cotoneaster attached to the median part). The B4N sample also yielded a few fruits (see Fig. 3(3)) resembling Pyracantha clactonensis (Reid and Chandler) Field, which has been recently confirmed as an own extinct species by Bidgland et al. (2001) on the basis of biometric analyses of Middle Pleistocene fruit-stones from Barling,  England. 

Potamogeton marginatus Dorofeev vel P. lucens L. (Fig. 3(8))
The single endocarp from sample B4N is identical to abundant Pleistocene specimens from the interglacial of Grabschütz, Germany (Mai, 1990a), assigned to the extinct P. marginatus Dorofeev. However, it is also extremely similar to some modern specimens of P. lucens, being just a little smaller, which could be also the result of drying contraction of the mummified fossil.
The low but distinct carina in the middle of the dorsal valve and the permanent style are differential characters from the similar Potamogeton x zizii W.D.J.Koch ex Roth and P. perfoliatus L.. Unfortunaterly, a single specimen is unsuitable for a definite identification, so that more abundant material should be detected in the future.
P. marginatus Dorofeev occurs in the Mikulino (Eemian) interglacial and the Weichselian (“Würm”) of East Europe, as well as in the interglacial of Grabschütz (Germany), which is tentatively correlated to the Holsteinian (Mai, 1990a). Therefore, from the biostratigraphic point of view, the occurrence of P. marginatus Dorofeev would suggest an Holsteinian to Weichseilian age. However, Mai (1990b) pointed out that similar endocarps, which can only be discriminated with abundant and well-preserved material, have been described from older sediments as P. dvinensis Velichkievich (Early Pleistocene) and P. sechmanicus Dorofeev (Pliocene). Even the living species P. lucens L. has been reported, though on the basis of questionable fruit remains, from Pliocene (Leschik, 1952; Szafer, 1954) and Early Pleistocene deposits (Baas, 1932). 


Rhododendron ponticum L. var. sebinense (Sordelli) Sordelli (Fig. 4(9-11); Fig. 3(6))
The occurrence of leaves with morphological characters identical to the modern ones of Rhododendron ponticum L. has been first recognized by Sordelli (1878), and later accepted by other authors (Wettstein, 1888; Tralau, 1963). The Rytz collection contains about 15 leaves of this type, which have also been found in both the “L” and “S” leaf assemblages.
 Denk (2006) discussed the opportunity to use the name Rhododendron ponticum L. var. sebinense (Sordelli) Sordelli for this fossil taxon, and also stated that “is more similar to the modern eastern subsp. ponticum (Turkish & Caucasian populations) than to the western subsp. baeticum (Boissier and Reuter) Handel-Mazzetti” (Iberian populations). 
A single fragmentary fruit (capsule) of Rhododendron has been found in sample B4A, its morphology with thin receptacle and short calyx lobes permits to exclude assignment to either R. ferrugineum L. (capanulate recptacle) or R. hirsutum L. (long, ciliate calyx lobes), whereas R. ponticum L. produces comparable fruits. Further characters, which agree with the R. ponticum-type (general shape, oblique axis), are shown by a complete capsule (external impression) still preserved in the Rytz collection, which is very similar to the specimen figured by Sordelli (1896, pl. 43, fig. 9). Therefore, we may assume with a good degree of confidence that these fruits were produced by the same plant taxon as the leaves (R. ponticum var. sebinense).


4. Comparison with similar macrofloral assemblages

A list of European Middle Pleistocene macroflora-bearing sites has been reported by Mai (1983), who discussed the difficulty to draw general biostratigraphic conclusions, due to the large number of fossil sites which are not reliably dated. However, he pointed out the relevance of extinct and “exotic” (locally extinct) elements for the characterization of different Middle Pleistocene interglacials. In samples B4N and B4A those extinct or exotic species which characterize the interglacial deposits of central and eastern Europe (e.g. Brasenia spp., Dulichium arundinaceum L., Potamogeton spp.: Mai, 1983; Velichkevich and Zastawniak, 2006) have not been detected. Only the small dimensions of Carpinus betulus nutlets in B4N could possibly assume biostratigraphic relevance, in fact such nut-size is more characteristic of pre-Eemian populations (mainly Pliocene and Early Pleistocene), while the Eeemian ones have statistically larger nuts (Jentys-Szaferowa, 1960, emended with personal observations).
As for the “exotic” elements, there are no sites in Europe which share all the taxa occurring in the Piànico-Sèllere lacustrine deposits. A combination of Celtis australis L., Buxus sempervirens L. and Pyracantha coccinea M.J. Roemer has been described for the Bilzingsleben II site1footnote (Germany), and, according to Mai (1983), in central Europe would suggest assignment to a warm interglacial phase in the Elsterian-Saalain interval. This argument cannot be applied to the fossil assemblages found to the south of the Alps, where the pollen floras show several peculiarities in the Middle Pleistocene.  
In Italy there are just a few leaf assemblages which could serve as reference points:
Oriolo, in the Emilia-Romagna region (Martinetto and Sami, 2001) - The site is dated around 800.000 BP by combination of magnetostratigraphy and Mammal biochronology. The palaeoflora has a larger number of “exotic” elements (Acer aff. Palmatum L., Carya, Gleditschia, Parrotia, Pterocarya, Tsuga, Zelkova) in comparison to the Piànico-Sèllere one, but shares with it Acer cf. cappadocicum Gleditsch, Pinus cf. peuce Grieseb. and Pyracantha coccinea M.J. Roemer. 
Riano Romano near Rome (Follieri, 1958; Mastrorilli, 1965) According to Bonadonna and Bigazzi (1969) the site is radiometrically dated around 300.000 BP. The macroflora, rather similar to the Piànico-Sèllere one, mainly differs for the occurrence of the “exotic” Pterocarya and Zelkova. The single “exotic” taxon found in both assemblages is Acer cf. cappadocicum. 
Re in the Vigezzo valley (northernmost Piedmont). The site is not reliably dated, but yielded abundant leaf remains of arboreal plants still living in northern Italy (Gianotti, 1949; Sordelli, 1896). The occurrence of  Buxus sempervirens L., “Castanea latifolia Sordelli” and Rhododendron ponticum L. is remarkable for suggesting an affinity to Piànico-Sèllere. 
In conclusion, the presently available macrofloral documentation only allows to state that the Piànico-Sèllere comprehensive palaeoflora differs from the few analogous assemblages (Martinetto, 1999) known in the Early Pleistocene (incl. possible transition to the Middle Pleistocene at Oriolo: Martinetto and Sami, 2001) for the absence of really extinct taxa (possible exception: Potamogeton marginatus Dorofeev) and the scarce number of locally extinct ones (e.g. lack of Carya, Liquidambar, Eucommia), which is also characteristic for the Middle Pleistocene flora of Riano Romano. 





In both samples B4N and B4A, remains of mesic woody plants dominate from the numerical point of view, as well as in all the known leaf assemblages from BVC, “S” in particular. These leaf and carpological remains were certainly produced by deciduous arboreal taxa (Acer, Carpinus, Quercus, Ulmus, Tilia), associated to such evergreen elements as Ilex aquifolium L., Pyracantha coccinea M.J. Roemer and the needle-leaved Taxus baccata L. This kind of record suggests a closed woody vegetation, prevalently deciduous, growing on the low mountain slopes, steeply dipping into the lake (Moscariello et al., 2000). Evergreen shrubs to small trees might well have grown as understorey in the deciduous woodlands (Buxus, Ilex) or in more open, dryer rocky places (especially Pyracantha). Possibly Buxus sempervirens L. was rare around the lake at the beginning of BVC deposition, as suggested by absence of macroremains in B4N and low pollen percentage of Buxus at the bottom of BVC (Rossi, 2003). Already 2 m above the BVC base in the Sergio section (Fig. 1), Buxus leaves become the commonest fossils, which would suggest a certain abundance not far from the lake. Fruits/seeds of herbaceous plants are very scarce in B4N, and they invariably belong to species which could grow in woodlands (Ajuga cf. reptans L., Fragaria vesca L., Hypericum cf. androsaeum L., Lamiaceae, Moheringia cf. trinervia L., Viola sp.). 
The new analyses confirm the conclusion by Emmert-Straubinger (1991) that aquatic plants are absent from the leaf assemblages of the Piànico laminated chalks (now placed in the BVC member) and very rare in the carpological ones (Najas marina L. and Potamogeton in B4N). Lake-margin species are represented in B4N by abundant Cladium mariscus L. and rare Alisma sp. fruits, as well as culms of cf. Phragmites. Such records suggest that patches of sedge and reed marsh occurred around the lake at the beginning of BVC deposition, and later (layer T19: Fig. 2) decreased or disappeared. In fact, the B4A sample did not provide aquatic plants, and the wetland plants were only represented by a few fruits of Lycopus europaeus L. and Thalictrum minus L.. 
The macrofossil assemblages studied in the BVC member do not provide contrasting evidence for the altitudinal development of vegetation belts proposed on a palynological basis by Moscariello et al. (2000) and Rossi (2003). Yet, on the basis of actuopalaeontological observations (Spicer & Wolfe, 1987), the occurrence of a large and well-preserved Pinus peuce Grieseb. cone (sample B4N) and diversified Abies cf. alba Miller remains (“S” assemblage), would suggest that these conifers were not restricted to higher altitudinal belts, but occurred, at least with a few fertile specimens, not far from the lake-shore. On the other hand, Picea abies (L.) Karsten, which lacks in the whole BVC macrofossil record, would be likely restricted to the upper altitudinal belts.
The single stratigraphically ordered macrofossil assemblage from the MLP member (“L”) does not differ significantly from the BVC ones, since it still contains thermophilous (Pyracantha coccinea) and locally extinct elements (Acer cappadocicum, Rhododendron ponticum L.var. sebinense (Sordelli) Sordelli). The main difference is represented by the absence of Buxus, in fact isolated leaves have been observed till to the upper part of the BVC, but never in MLP, including the L-assemblage (in agreement with pollen records). Thus, it may be suggested that the vegetation of the Clusone I interstadial was  much alike the one of the Piànico-Sèllere interglacial phase, and only more detailed investigations could confirm if the absence of Buxus and the rare occurrence of Picea macrofossils (Tab. 4) would reflect cooler palaeoclimatic conditions.
In the basal layers of the MLP member, field observations permitted to detect several cones of Picea abies (L.) Karsten (Fig. 3(14)), which have not been found in the BVC member, and probably indicate the settlement of spruce close to the lake shore, in agreement with the suggested contraction of the broadleaved forest and descent of vegetation belts downslope (Moscariello et al., 2000; Rossi, 2003), as a consequence of the cooling shown by the pollen diagram at the base of MLP (Presolana I stadial).










Amsler, M., 1900. Flore interglaciaire de Piànico. Compte Rendu des travaux de la Societé Helvétique de Sciencies Naturelles Réunie à Thusis, pp. 44-46.
Baas, J., 1932 - Eine früdiluviale Flora in Mainzer Becken. Zeitschrift fr Botanik 25 (6/7), 289-371.
Baltzer, A., 1896. Beiträge zur Kenntniss der Interglazialen Ablagerungen. Neues Jahrbuch für Mineralogie, Geologie und Palaeontologie 1, 159-186.
Basilici, G., Martinetto, E., Pavia, G., Violanti, D., 1997. Paleoenvironmental evolution in the Pliocene marine-coastal succession of Val Chusella (Ivrea, NW Italy). Bollettino della Società Paleontologica Italiana 36 (1-2), 23-52.
Bonadonna, F.P., Bigazzi, G., 1969. Studi sul Pleistocene del lazio. VII. Età di un livello tufaceo del bacino diatomitico di Riano stabilita con il metodo delle tracce di fissione. Bollettino della Società Geologica Italiana 88: 439-444. 
Brauer, A., Wulf, S., Mangili, C., Moscariello, A., 2007. Tephrochronological dating of varved interglacial lake deposits from Piànico-Sèllere (Southern Alps, Italy) to around 400 ka. Journal of Quaternary Science 22, 85–96.
Bridgland, D. R., Preece, R. C., Roe, H. M., Tipping, R. M., Coope, G. R., Field, M. H., Robinson, J. E., Schreve, D. C., Crowe, K., 2001. Middle Pleistocene interglacial deposits at Barling, Essex, England: evidence for a longer chronology for the Thames terrace sequence. Journal of Quaternary Science 16(8), 813–840.
Confortini, F., Malzanni, M., Mangili, C., Paganoni, A., 2003. Ritrovamento di un Cervidae nei sedimenti del Bacino Pleistocenico di Piànico-Sèllere (Italia Settentrionale). Rivista del Museo Civico di Scienze Naturali "E. Caffi" Bergamo 21, 87-94.
Denk, T., 2006. Rhododendron ponticum var. sebinense (Sordelli) Sordelli in the Late Pleistocene flora of Hötting, Northern Calcareous Alps: witness of a climate warmer than today?. Veröffentligungen des Tiroler Landesmuseum Ferdinandeum 86, 43-66.
Emmert-Straubinger, E., 1991. Die Interglazial flora von Pianico (Prov. Bergamo, Italien). In: Kovar-Eder, J. (ed.): Proceedings of the Pan-European Palaeobotanical Conference, Vienna 19-23 September 1991, Museum of Natural History, Vienna, pp. 15-18.
Field, M.H., de Beaulieu, J.-L., Guiot, J., Ponel, P., 2000. Middle Pleistocene deposits at La Cote, Val-de-Lans, Isere department, France: plant macrofossil, palynological and fossil insect investigations. Palaeogeography, Palaeoclimatology,  Palaeoecology 159, 53-83.
Follieri, M., 1958. La foresta colchica fossile di Riano Romano. I. Studio dei fossili vegetali macroscopici.  Annali di Botanica 26 (1), 129-142.
Gianotti, A., 1949. Osservazioni sulla flora fossile quaternaria di Val Vigezzo (Novara). Rivista Italiana di Paleontologia e Stratigrafia 56, 14-27.
Jentys-Szaferowa,  I., 1960. Morphological investigations of fossil Carpinus-nutlets from Poland. Acta Palaeobotanica 1, 1- 43.
Leidi, B., 2004. Le foglie fossili associate ad un cervide nella Formazione di Pianico (Pleistocene medio, Prealpi Lombarde): ricerca di uno standard di conservazione e identificazione. Graduation thesis in Natural Sciences, University of Milano.
Leschik, G., 1952. Mikrobotanisch-stratigraphische Untersuchungen der jungpliozänen Braunkohle von Buchenau (Kr. Hünfeld). 1951. 51 pp.
Lona, F., Venzo, S., 1956. La station interglaciaire de Piànico-Sellére. Sediments lacustres a` microvarves avec phyllites et pollens, de Piànico en province de Bergamo. In: CNR (Ed.), Guide de la Onzieme Excursion Phytogeographique Internationale. Alpes Orientales, Istituto Botanico, Firenze, pp. 39-46. 
Maffei, L., 1924. Contributo allo studio della flora fossile del deposito lacustre di Pianico. Atti Istituto Botanico Università di Pavia, Serie III, 3, 47-69.
Mai, D.H., 1983. Die fossile Pflanzenwelt des interglazialen Travertins von Bilzingsleben (Kreis Artern, Thüringen). In: Bilzingsleben II, Veroff. Landesmuseum Vorgeschichte Halle, pp. 45-129.
Mai, D.H., 1990a. Die Flora des Interglazials von Grabschütz (Kreis Delitzsch). Altenburger Naturwissenschaftliche Forschungen 5, 116-137, Altenburg.
Mai, D.H., 1990b. Zur Flora des Interglazials von Gröbern (Kreis Gräfenhainichen). Altenburger Naturwissenschaftliche Forschungen 5, 106-115.
Mallickl, R., Frankl, N., 2002. A new technique for precise uranium-series dating of travertine micro-samples. Geochimica et Cosmochimica Acta 66 (24), 4261-4276.
Martinetto, E., 1994. Analisi paleocarpologica dei depositi continentali pliocenici della Stura di Lanzo. Bollettino del Museo Regionale di Scienze Naturali di Torino 12 (1), 137-172.
Martinetto, E., 1999. Chronological framing of Pliocene to Early Pleistocene plant macrofossil assemblages from northern Italy. Acta Palaeobotanica Suppl. 2, 503-511.
Martinetto, E., Sami, M., 2001. Paleoflora delle "sabbie gialle" medio-pleistoceniche di Oriolo, presso Faenza (Ravenna). Quaderni di Studi Naturalistici della Romagna 14, 1-28.
Mastrorilli, V. I., 1965. Fossili Quaternari del Bacino diatomico di Riano (Roma) nella collezione del Museo Civico di Scienze naturali G. Doria in Genova. Atti Istituto di Geologia dell’Univesrsità di Genova 3, 1-245.
Moscariello, A., Ravazzi, C., Brauer, A., Mangili, C., Chiesa, S., Rossi, S., de Beaulieu, J.L., Reille, M., 2000. A long lacustrine record from the Piànico-Sèllere Basin (Middle-Late Pleistocene, Northern Italy). Quaternary International 73/74, 47-68.
Patrini, P., 1921. Del deposito lacustre di Piànico presso Lovere (Lago d'Iseo). Natura 12, 147-162.
Pinti, D.L., Quidelleur, X., Chiesa, S., Ravazzi C., Gillot, P.Y., 2001. K-Ar dating of an early Middle Pleistocene distal tephra in the interglacial varved succession of Pianico-Sellere. Earth and Planetary Science Letters 188, 1–7.
Pinti, D., Rouchon, V., Quidelleur, X., Gillot, P.-Y., Chiesa, S., Ravazzi, C., 2007. Comment: Tephrochronological dating of varved interglacial lake deposits from Piànico-Sèllere (Southern Alps, Italy) to around 400 ka by Achim Brauer, Sabine Wulf, Clara Mangili, Andrea Moscariello.
Journal of Quaternary Science 22, 411–414.
Rossi, S., 2003, Analisi pollinica della sequenza lacustre di Piànico-Sèllere (Italia). Tesi di Dottorato in Cotutela in Scienze Naturalistiche e Ambientali, Università degli Studi di Milano e Université d’Aix-Marseille III. 
Rytz, W., 1925. Ueber die Interglazialfloren und Interglazialklimate, mit besonderer Berücksichtigung der Pflanzenreste von Gondiswil-Zell und Pianico-Sellere. Festschrift Carl Schröter, Veröffentligungen Geobotanisches  Institut Rübel 3, 540-553.
Rytz, W., 1953. Uber Interglazialfloren und Interglazialclimate mit besonderer Berücksichtigung der Pflanzenreste von Gondswill-Zell und Pianico. Berichte des Deutsches Botanisches Gesellschaft 65(9), 315-318.
Sordelli, F., 1878. Le filliti della Folla d'Induno presso Varese e di Pontegana tra Chiasso e Balerna nel Canton Ticino paragonate con quelle di altri depositi terziari e posterziari. Atti della Societa` Italiana di Scienze Naturali 21, 1-23.
Sordelli, F., 1896. Flora Fossilis Insubrica. Studi sulla vegetazione di Lombardia durante i tempi geologici. Cogliati, Milano, 289 pp.
Spicer, R. A., Wolfe, J. A., 1987. Plant taphonomy of late Holocene deposits in Trinity Lake, northern California. Paleobiology 13 (2), 227-245.
Szafer, W., 1954. Pliocene Flora from the vicinity of Czorsztyn (West Carpathians) and its relationship to the Pleistocene.  Prace Geol. Inst. Warszawa 11, 1-238. 
Tralau, H., 1963. Über Rhododendron ponticum und die fossilen Vorkommen des naheverwandten Rhododendron sordellii. - Phyton 10, 103-109.
Velichkevich, Yu., Mamakova, K., 2003. Revision of plant macrofossils from the Mazovian interglacial locality Nowiny Zukowskie (SE Poland). Acta Palaeobotanica 43 (1), 61-76.
Velichkevich, F.Yu., Zastawniak, E., 2006. Atlas of the Pleistocene vascular plant macrofossils of Central and Eastern Europe. Part I – Pteridophytes and monocotyledons. W. Szafer Institute of Botany, Polish Academy of Sciences, Kraków, 224 pp.




Table 1 – List of plant macrofossil taxa so-far reported for the Pianico-Sèllere lacustrine deposits, updated from Moscariello et al., 2000.

Table 2 – List of plant taxa forming the compression assemblage “S”, Sergio section. F = frequent; Nr.=  number of specimens.

Table 3 – List of plant taxa identified within the compression assemblage “L”,  Beehive section. Nr.=  number of specimens. F = frequent.

Table 4 – List of plant taxa gathered from two sediment bulk samples, respectively from the Sergio and Main section.


Figure 1. Synthetic stratigraphic section of the Piànico Fm., showing the position of the sections which yielded the plant macrofossils studied in this paper. B: Beehive section;  M: Main section; O: Oblique section; S : Sergio section ; W: Wall section. Modified after Moscariello et al. (2000).

Figure 2. Synthetic stratigraphic section of the Piànico Fm., showing the position of plant macrofossil samples; modified after Rossi (2003).

Figure 3. Examples of fossil leaves collected by splitting laminated sediment along bedding planes, S-assemblage of the Sergio section (figs. 2, 9, 10 excepted). 1:  Acer cappadocicum Gleditsch; 2:  Acer cappadocicum, as drawn by Sordelli, 1896 (= “A. laetum”); 3: Acer cf. opalus; 4: bedding plane covered by oriented needles of Taxus baccata L.; 5: Tilia sp.; 6: Pyracantha coccinea M. J. Roemer; 7: leaf of Hedera helix L. associated to a smaller elliptic leaf of Buxus sempervirens L. (above, right); 8: cf. Laurus; 9, 10: Rhododendron ponticum L. var. sebinense (Sordelli) Sordelli, as drawn by Sordelli (1896), resp. fruit and leaf; 11: Rhododendron ponticum L. var. sebinense (Sordelli) Sordelli.






footnote1Mallick1 and Frank1 (2002) stated that “In the present state the Bilzingsleben site cannot be accurately [radiometrically] dated and … previous dating attempts most likely suffered from altered samples as well. However, the site or even the diagenetic processes should be older than 300 000 yr because otherwise U-series activity ratios would not yield values equal or close to radioactive equilibrium.”





